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Edited by Hans EklundAbstract Replacements of Asp-295 by Asn (D295N) and Glu
(D295E) decreased the catalytic center activity of Leuconostoc
mesenteroides sucrose phosphorylase to about 0.01% of the
wild-type level (kcat = 200 s
1). Glucosylation and deglucosyla-
tion steps of D295N were aﬀected uniformly, 104.3-fold, and
independently of leaving group ability and nucleophilic reactivity
of the substrate, respectively. pH dependences of the catalytic
steps were similar for D295N and wild-type. The 105-fold prefer-
ence of the wild-type for glucosyl transfer compared with manno-
syl transfer from phosphate to fructose was lost in D295N and
D295E. Selective disruption of catalysis to glucosyl but not
mannosyl transfer in the two mutants suggests that the side chain
of Asp-295, through a strong hydrogen bond with the equatorial
sugar 2-hydroxyl, stabilizes the transition states ﬂanking the b-
glucosyl enzyme intermediate by P 23 kJ/mol.
 2007 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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bonding1. Introduction
Leuconostoc mesenteroides sucrose phosphorylase
(LmSPase) catalyzes the reversible conversion of sucrose (a-
D-glucopyranosyl 2-b-D-fructofuranoside) and phosphate into
a-D-glucose 1-phosphate (aG1P) and D-fructose. Glucosyl
transfer to and from phosphate is promoted by Asp-196 and
Glu-237 whose side chains function in catalysis as nucleophile
[1] and acid–base [2] respectively. Fig. 1A depicts the proposed
two-step mechanism of the phosphorylase. Based on sequence
similarity, LmSPase has been classiﬁed into glycoside hydro-
lase family GH-13 [4], a large and functionally diverse group
of enzymes that include amylase and a-glucanotransferase as
their most prominent activities [4,5]. Results from sequence
alignments, X-ray structures, and site-directed mutagenesisAbbreviations: aG1P, a-D-glucose 1-phosphate; aM1P, a-D-mannose
1-phosphate; SPase, sucrose phosphorylase; LmSPase, SPase from L-
euconostoc mesenteroides; BaSPase, SPase from Biﬁdobacterium adole-
scentis
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doi:10.1016/j.febslet.2007.02.060studies have delineated a common active-site pattern for en-
zymes of family GH-13, in which Asp-196, Glu-237, and
Asp-295 of LmSPase (or their positional homologs) constitute
a conserved triad of catalytic residues [5–10]. Although Asp-
295 is often referred to as a ‘‘transition state stabilizer’’ in
the literature, a uniﬁed description at the molecular level of
how it aﬀects catalysis in glycoside hydrolases of family GH-
13 is not available. One plausible mechanism for Asp-295 is
that hydrogen bonding interactions of the carboxylate side
chain with hydroxyls at carbons 2 and 3 of the glucosyl residue
bound at subsite 1 have a role in substrate distortion and be-
come optimized in the transition states ﬂanking the covalent b-
glucosyl enzyme intermediate [11–13] (Fig. 1B). An additional
or perhaps alternative role of Asp-295 is activation of Glu-237
for function as the catalytic proton donor [5,8,13–16]
(Fig. 1C). Here, we report on results of experiments designed
to distinguish between the diﬀerent mechanistic proposals for
Asp-295 and portray the role of the conserved Asp residue in
each step of catalysis by LmSPase (see Fig. 1).2. Materials and methods
a-D-Mannose 1-phosphate (aM1P) was from Sigma–Aldrich. Re-
agents and chemicals for MS analysis were reported elsewhere [17].
All other materials were described in a recent paper [1].
2.1. Site-directed mutagenesis, enzyme production and puriﬁcation
Mutations causing site-speciﬁc substitution of Asp-295 by Asn and
Glu at the protein level were introduced with the two-stage PCR meth-
od, employing some modiﬁcations of the original protocol [1]. The fol-
lowing pairs of oligonucleotide primers were used where the
mismatched codons are indicated in bold. D295N: 5 0-GGACACGC-
ATAATGGTATTGGTG-3 0 (forward primer), 5 0-CACCAATA-
CCATTATGCGTGTCC-3 0 (reverse primer); D295E: 5 0-GGACACG-
CATGAAGGTATTGGTG-3 0 (forward primer), 5 0-CACCAATA-
CCTTC-ATGCGTGTCC-3 0 (reverse primer). Sequenced plasmid vec-
tors harboring the mutagenized genes were transformed into E. coli
JM109, and recipient strains were grown at 37 C in Luria–Bertani
medium containing 0.12 g/l ampicillin. Induction of gene expression
and recombinant protein production were carried out exactly as re-
ported elsewhere [1]. D295N and D295E were puriﬁed using the proto-
col employed previously for the isolation of the wild-type and a D196A
mutant thereof [1]. Puriﬁcation was monitored by SDS–PAGE.2.2. Kinetic characterization
Initial rate measurements were carried out at 30 C in 20 mM MES
buﬀer, pH 7.0, using reported discontinuous assays for phosphorolysis
and synthesis of sucrose as well as arsenolysis of aG1P [1]. Typical con-
centrations of D295N and D295E were 50–400 lg/ml, and incubation
times of about 1–2 h were used. The concentrations of released aG1Pblished by Elsevier B.V. All rights reserved.
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Fig. 1. (A) Proposed reaction mechanism of SPase, and (B and C)
close-up structures of the catalytic subsite in the covalent glucosyl
enzyme intermediate and the free enzyme, respectively. In the absence
of one of the natural nucleophiles (phosphate or fructose) the covalent
intermediate can be intercepted by water or other suitable nucleophiles
[3]. Panels B and C are drawn using X-ray structures of BaSPase [9,10].
H-bond distances are in A˚.
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determined using published analytical methods [1]. Glucose was mea-
sured using glucose oxidase and detection of the H2O2 produced with
peroxidase and, in a modiﬁcation of the original protocol [18], o-dian-
isidine instead of phenol and 4-aminophenazone. Nonenzymatic back-
ground rates were measured in suitable controls lacking phosphorylase
or glucosyl donor substrate and if required, used for correction of the
enzymatic rates. Kinetic parameters were obtained from initial rates re-
corded under conditions in which the concentration of the glucosyl
donor was varied at a constant, wherever possible saturating, concen-
tration of the glucosyl acceptor, or vice versa. The molar enzyme con-
centration, derived from protein concentration measurements using the
Bio-Rad dye binding method with BSA as the standard, was the basis
for the calculation of the reported catalytic center activities (kcat). Note
that a reliable method for titration of active sites is not available.
2.3. Speciﬁcity for glycosyl donor and acceptor substrates
aM1P was tested as an alternative glycosyl donor substrate of wild-
type LmSPase, D295N, and D295E. Reaction mixtures contained
5 mM aM1P and 200 mM fructose dissolved in 20 mM MES buﬀer,pH 7.0. The enzyme concentration was about 200 lg/ml, and incuba-
tions were carried out at 30 C. The release of phosphate in time was
measured. Reactions with aG1P were carried out under exactly identi-
cal conditions, except that a lower enzyme concentration of the wild-
type (0.3 lg/ml) had to be used. Enzyme activities with aM1P and
aG1P were compared at similar levels of conversion of glycosyl donor
(620%).
L-Arabitol was examined as an acceptor substrate for transglucosy-
lation reactions catalyzed by wild-type enzyme and D295 mutants
thereof. In the absence of acceptor, a signiﬁcant portion of aG1P
(5 mM) is hydrolyzed by each of the three enzymes. Under hydroly-
sis-only conditions, the rates of conversion of aG1P (VG1P) and release
of phosphate (VPi) will be matched with the rate of release of glucose
(VGlc). However, when the glucosyl enzyme intermediate partitions be-
tween reactions with an external acceptor and water, VPi will have a
greater value than VGlc. The rate ratio VPi/VGlc is expected to exhibit
a linear dependence on the concentration of acceptor (0–180 mM L-
arabitol) with a slope Ktrans that characterizes the relative transfer spec-
iﬁcity of the enzyme. Reactions utilized 0.5 lg/ml wild-type and
250 lg/ml D295N and D295E. VPi and VGlc were measured.
2.4. pH dependence studies
Initial rates of phosphorolysis and synthesis of sucrose were mea-
sured in the pH range 5.0–8.0 using 20 mM MES buﬀer. Solutions
were prepared at the reaction temperature of 30 C, and pH values
were checked immediately before and after the assay. The presence
of phosphate or aG1P in concentrations of 2 mM or greater ensured
stable pH values below pH 5.2 and above pH 7.2 where MES (pK
6.2) does not provide buﬀering capacity. Control experiments in which
NaCl concentrations of up to 100 mM was added to standard enzyme
assays at pH 7.0 showed no eﬀect of the salt, indicating that the change
in ionic strength (from 1.2 mM at pH 5.0 to 20 mM at pH 8.0) result-
ing from buﬀer ionization in the pH range studied should not interfere
with determination of the pH dependence of kinetic parameters.
pH proﬁles of logkcat and log(kcat/Km) where Km is the apparent
Michaelis constant were ﬁtted with the appropriate equation, where
Eq. (1) describes a logY versus pH curve that decreases with a slope
of +1 below pK1, and Eq. (2) describes a bell-shaped curve for logY
that decreases with slopes of +1 and 1 below pK1 and above pK2,
respectively
log Y ¼ logðC=ð1þ ½Hþ=K1ÞÞ ð1Þ
log Y ¼ logðC=ð1þ ½Hþ=K1 þ K2=½HþÞÞ ð2Þ
where Y is kcat or kcat/Km, C is the pH-independent value of Y at the
optimal state of protonation, K1 and K2 are macroscopic dissociation
constants, and [H+] is the proton concentration.
2.5. Other analytical procedures
2.5.1. Circular dichroism spectroscopy. Far-UV CD spectra of pro-
tein solutions (0.4 mg/ml; 20 mM MES buﬀer, pH 7.0) were recorded
at 25 C in the wavelength range 195–250 nm with a JASCO J-715
Spectropolarimeter using a Hellmar 0.1 mm path-length cylindrical cell
and the following instrument settings: 0.2 nm step resolution; 50 nm/
min scan speed; 1 sec response time; 1 nm bandwidth. Triplicate spec-
tra were averaged and corrected with a buﬀer spectrum before convert-
ing the CD signal to mean residue ellipticity using the program
Dichroweb [19].
2.5.2. Mass spectrometry. Protein structural characterization by
MS was performed using a LCQ Deca XPplus ion trap mass spectrom-
eter (Thermo) equipped with a nano-electrospray ionization (ESI)
source coupled to a nanoLC system (LC-packings, Amsterdam, The
Netherlands) consisting of FAMOS autosampler, SWITCHOS
loading system, and ULTIMATE dual gradient system. For peptide
mass ﬁngerprinting, in-gel tryptic digestion of the protein sample was
performed using a reported protocol [17]. Twenty microliters of pep-
tide extract dissolved in 0.1% (per vol.) formic acid were trapped on
a LC Packings C18 Pep-Map precolumn (5 lm, 100 A˚, 300-lm inner
diameter · 1 mm) with a total loading time of 5 min and a sample solu-
tion ﬂow rate of 20 ll/min. The loaded mixture was then ﬂushed to a
nanoLC separation column of the same type (75-lm inner diame-
ter · 150 mm) with a ﬂow rate of 300 nl/min, and peptides were eluted
using a 60-min linear gradient of 5–50% (per vol.) acetonitrile in 0.3%
(per vol.) formic acid. The column eﬄuent was directed to a Nano-
Spray tip (Pico-Tip Emitter), and positive ions formed by the electro-
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capillary temperature of 235 C) were analyzed with the mass spec-
trometer using automated data-dependent acquisition mode. In tan-
dem MS experiments, a full MS scan between 350 and 1800 m/z was
followed by data dependant MS/MS scans for the four most abundant
ions from each MS scan. Data were analyzed with SpectrumMill ver-
sion 2.7 (Agilent), employing peptide mass ﬁngerprint and MS/MS
search tools, against a user-deﬁned database containing the sequences
of wild-type LmSPase (D90314) and D295 mutants.3. Results and discussion
3.1. Production and characterization of D295N and D295E
Crystal structures of Biﬁdobacterium adolescentis SPase
(BaSPase) alone [9], BaSPase bound with substrate (sucrose)
and product (b-D-glucose) [10], and a covalent b-glucosyl ad-
duct of the enzyme [10] showed that Asp-290 is contributed
to the catalytic sub-site. In the free enzyme, it is part of a
hydrogen bonding network involving the catalytic nucleophile
and acid/base [9] (Fig. 1C). In enzyme–substrate and enzyme–
product complexes as well as in the covalent intermediate, it
forms a bidentate hydrogen bond with hydroxyls at C2 and
C3 of the glucosyl residue bound at subsite 1 [10]
(Fig. 1B). To further examine the functional role of the aspar-
tate, we replaced the homologous Asp-295 of LmSPase
(Fig. 2A) by Asn or Glu. Fig. 2B displays a SDS polyacryl-Fig. 2. (A) Positional conservation of Asp-295 of LmSPase in
structurally characterized members of family GH-13 and B, SDS–
PAGE of puriﬁed wild-type LmSPase, D295N and D295E. (A) The
partial sequences shown are from LmSPase (D90314), BaSPase
(AF543301), taka amylase A from Aspergillus oryzae (TAAse;
X12725), cyclodextrin glucanotransferase from Bacillus circulans strain
251 (CGTase; X78145), amylosucrase from Neisseria polysaccharea
(ASUase; CAA09772.1) and neopullulanase from Thermoactinomyces
vulgaris (TVAII) (NPUase; BAA02473.1). The alignment was per-
formed with the Vector NTI program using the AlignX-modul with the
PAM250 scoring matrix. Residues corresponding to Asp-295 are bold,
and other conserved amino acids are shaded in grey. The subfamily
classiﬁcation for each enzyme is also shown [4]. (B) Lane 1, molecular
mass standards; lane 2, wild-type; lane 3, D295N; lane 4, D295E.
Staining of protein bands was with Coomassie Blue.amide gel of puriﬁed preparations of D295N and D295E along
with a sample of the wild-type, produced and isolated in ex-
actly the same way as the mutants. Far-UV CD spectra of
D295N and D295E were super imposable on the correspond-
ing spectrum of the wild-type, suggesting proper folding of
LmSPase mutants at the secondary structural level (data not
shown). The peptides containing Asp-295 (wild-type), Asn-
295 (D295N) and Glu-295 (D295E) were identiﬁed unambigu-
ously in ESI-MS peptide mass ﬁngerprints of the three en-
zymes at a good overall sequence coverage of 55% or greater
(data not shown). The speciﬁc activities of the two mutants, as-
sayed in the directions of phosphorolysis and synthesis of su-
crose, were about 0.01% of the corresponding wild-type
values, which were 168 and 110 U/mg, respectively.3.2. Heat-induced deamidation of Asn-295 and reactivation of
D295N
When performing discontinuous initial-rate assays where
heat denaturation was routinely used to stop the enzymatic
reaction we observed that unlike wild-type and D295E, incu-
bation at about 100 C failed to inactivate D295N. Instead,
D295N gained speciﬁc activity through the heat treatment,
exceeding the original level (0.02 U/mg) by a factor of up to
140. Reactivation showed a complex dependence on time
and temperature of incubation as well as on protein concentra-
tion that was not further pursued. The soluble enzyme recov-
ered after boiling a solution of D295N (0.5 mg/ml) for
10 min was characterized by steady-state kinetic studies and
LC-ESI-MS/MS analysis of its tryptic peptides. Apparent
Michaelis constants for sucrose, phosphate, aG1P and Fru
were indistinguishable within limits of experimental error from
the corresponding kinetic parameters of the wild-type (see la-
ter). Fig. 3 summarizes results of tandem MS of two double
charged precursor ions at m/z 914.81 and 915.16 that were
clearly identiﬁed in the tryptic peptide mass ﬁngerprint of
heat-treated D295N. Note that the precursor ion at m/z
915.16 was apparently missing in the corresponding peptide
mass ﬁngerprint of untreated D295N. The nearly complete ser-
ies of b- and y-ions in panel A of Fig. 3 allows unambiguous
assignment of the mass peak with m/z of 914.81 as tryptic pep-
tide 28 (residues 287–303), containing Asn-295. The mass pat-
tern in panel B reveals the presence of another peptide diﬀering
from peptide 28 only in residue 295, which now is an Asp.
These ﬁndings strongly support a scenario in which Asn-295
is partially deamidated at high temperature and apparent acti-
vation of D295N reﬂects the small portion of wild-type thus
generated in an otherwise homogeneous preparation of the
mutant. While the conversion, Asn to Asp, is a common chem-
ical modiﬁcation in heat-treated proteins, we are not aware of
a study in which thermal deamidation of an active-site Asn has
been correlated with activity gain in an Asp-to-Asn mutant en-
zyme. Assays requiring inactivation of D295N therefore uti-
lized 60 C to terminate the enzymatic reaction where
activity is lost instantaneously and not re-gained detectably
upon cooling to room temperature.3.3. Kinetic characterization of D295N and D295E
Results of a steady-state kinetic characterization of D295N
and D295E are summarized in Table 1. Values of kcat and
kcat/Km for D295N were decreased uniformly by about 10
4.3
orders of magnitude in comparison with the corresponding
Fig. 3. Partial deamidation of Asn-295 by heat-treatment of D295N revealed by ESI tandem MS. Puriﬁed D295N (0.5 mg/ml; 20 mM MES buﬀer,
pH 7.0) was incubated at 100 C for 5 min and then analyzed as described in Section 2 (2.5). ESI-MS/MS spectra of precursor ions at m/z 914.81
(panel A) and 915.16 (panel B) are shown.
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constants (Km) were hardly (60.4–0.8-fold) aﬀected by the
mutation. The eﬀect of the site-directed substitution Asp-
295ﬁ Asn was not dependent on the leaving group ability
of the glucosyl donor substrate, which is relatively low for su-
crose compared with aG1P, or the intrinsic reactivity of the
nucleophile, which is relatively low for D-fructose compared
with phosphate and arsenate. If Asp-295 was mainly required
for optimizing the catalytic acid/base function of Glu-237, one
would expect that consequences of its replacement by site-di-
rected mutagenesis vary strongly in response to altered sub-
strate chemical reactivity during the catalytic steps of
glucosylation or deglucosylation. By way of comparison, a cat-
alytic acid/base mutant of LmSPase (E237Q) distinguished, up
to 105-fold in kcat and kcat/Km terms, among reactions diﬀering
in the requirement for Brønsted catalytic assistance to leavinggroup departure or nucleophile addition [2]. In the two-step
catalytic mechanism of LmSPase (Fig. 1A), kcat/Km for the glu-
cosyl donor comprises all steps from substrate binding to for-
mation of the glucosyl enzyme intermediate and departure of
the leaving group (glucosylation). kcat/Km for the glucosyl
acceptor, by contrast, includes the steps leading from the glu-
cosyl enzyme intermediate to free enzyme and product (deglu-
cosylation). The results in Table 1 thus imply that wild-type
eﬃciencies for enzyme glucosylation and deglucosylation were
decreased to approximately the same extent through the
replacement of Asp-295 by Asn. A series of anions (formate,
acetate, ﬂuoride, chloride, bromide, and azide) were tested
for a possible enhancement of D295N activity. The kcat and
kcat/Km values of D295N for phosphorolysis of sucrose were
not aﬀected signiﬁcantly by the presence of 100 mM sodium
salt of each anion.
Table 1
Kinetic parameters for D295N and D295E mutants
Reaction type Varied
substrate
Wild-type D295N D295E
kcat
(s1)
kcat/Km
(s1 mM1)
kcat
(s1 102)
kcat/Km
(s1 mM1 104)
kcat
(s1 103)
kcat/Km
(s1 mM1 105)
Phosphorolysis Phosphatea 195 20.5 2.38 20.5 13.6 889
Sucroseb 165 28.7 1.99 13.8 5.30
Arsenolysis Arsenatec 170 26.5 2.52 25.6 6.50 67.0
aG1Pd 261 5.5 1.41 2.56 5.20
Synthesis aG1Pe 91 5.3 1.59 7.22 12.4 9.20
D-Fructosec 72 3.4 2.06 3.90 1.40 46.0
Initial rates were determined at 30 C in 20 mM MES buﬀer, pH 7.0, in the presence of a270 mM sucrose, b110 mM phosphate, c225 mM aG1P,
d45 mM arsenate and e200 mM D-fructose. Results are from non-linear ﬁts of the Michaelis–Menten equation to the experimental data.
Fig. 4. pH proﬁles for D295N. pH proﬁles for kcat (; scaling on the
left axis; dotted line) and kcat/Km (; scaling on the right axis; full line)
of the phosphorolysis (A) and synthesis (B) reaction catalyzed by the
D295N mutant. Lines are ﬁts of Eq. (1) or (2) to the data, as described
in Section 2.
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of Asp-295 by Asn and Glu were of comparable magnitude,
disruption of glucosylation and deglucosylation steps in
D295E was clearly not as uniform as in D295N. The kcat/Km
for enzyme glucosylation was between 103.8 and 105.7-fold be-
low the corresponding wild-type value whereas kcat/Km values
for enzyme deglucosylation were dramatically (6 230-fold) less
strongly aﬀected by the mutation. Disruption of the hydrogen
bond network at subsite +1 in the free enzyme ([9]; Fig. 1C)
and other possible steric conﬂicts caused by lengthening of side
chain in D295E could arguably interfere with the catalytic
function of Asp-196 during glucosylation of the mutant.
3.4. pH dependences
The pH dependences of relevant kinetic parameters for
phosphorolysis and synthesis of sucrose catalyzed by D295N
were measured, and Fig. 4 summarizes the results. The pH pro-
ﬁles of logkcat for both directions of the reaction as well as the
pH proﬁle of log(kcat/Km) for sucrose were bell-shaped, dis-
playing a decrease in rate at low and high pH below and above
pKa, respectively. The pH proﬁle of log(kcat/Km) for fructose,
which measures the pH dependence of enzyme deglucosyla-
tion, was dependent on the apparent single ionization of a
group that must be deprotonated for reaction. Apparent pKa
values were obtained from nonlinear ﬁts of the data with the
appropriate equation and are given in Fig. 4. They agree well
with the corresponding wild-type pKa values: logkcat for phos-
phorolysis; pK1 = 5.3 (±0.1), pK2 = 7.9 (±0.1); log(kcat/Km) for
sucrose, pK1 = 5.8 (±0.1), pK2 = 7.2 (±0.1); logkcat for synthe-
sis; pK1 = 5.3 (±0.2), pK2 = 7.0 (±0.1); log(kcat/Km) for D-fruc-
tose, decrease in rate at low pH below pK1 = 5.8 (±0.1). We
showed that pH-rate proﬁles of the wild-type are determined
by ionizations of the major active-site residues, the nucleophile
and the acid/base catalyst, and report assignment of kinetic
pKa values to groups on the enzyme [2]. However, the evidence
presented here is clear in showing that mutation of Asp-295
did not alter profoundly the pH dependence of the wild-type,
contrary to expectation if the aspartate was critical for eﬃcient
catalytic function of Glu-237 as general acid/base.
3.5. Glucosyl donor and acceptor speciﬁcities
Initial-rate assays in which the release of phosphate was
monitored in dependence of the reaction time identiﬁed
aM1P as a very slow glycosyl donor substrate of LmSPase.
Formation of transfer product, likely a-D-mannosyl 2-b-D-
fructofuranoside, was conﬁrmed by TLC (for details of the
analytical procedure, see Ref. [1]). Using 200 mM D-fructose
as glycosyl acceptor, the apparent catalytic eﬃciency formannosyl transfer was only 0.00060% that of glucosyl transfer
(2.9 mM1 s1). Interestingly, the corresponding catalytic eﬃ-
ciencies of D295N and D295E for reaction with aM1P were
0.033 (±0.007) and 0.074 (±0.010) M1 s1, respectively and
thus hardly diﬀerent from the corresponding wild-type value
(0.017 ± 0.004 M1 s1). The glucosyl compared with mannosyl
donor substrate selectivity of the three enzymes can be ex-
pressed as ratio of their apparent kcat/Km values. It decreased
from a value 150000 in the wild-type to values of 21 and 2
in D295N and D295E respectively, indicating that the large
preference of the wild-type for reaction with aG1P was lost al-
most completely in the two mutants. Therefore, switch in spa-
tial position of the C-2 hydroxy group of the glycosyl donor
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kcat/Km for glycosylation the wild-type that was of a similar
magnitude as the eﬀect of site-directed substitution of Asp-
295 on slowing glucosyl transfer from aG1P to the enzyme.
These results support the ﬁnding that the ionized side chain
of Asp-295 forms a hydrogen bond with the C-2(R) hydroxy
group of the glucosyl donor substrate (Fig. 1B), and the con-
tributed net binding energy of this interaction to a stabilization
of the transition state of glycosylation may be estimated in
either of two ways, using the relationships:
DDG# ¼ RT ln½keffðaM1PÞwild-type=keffðaG1PÞwild-type ð3Þ
DDG# ¼ RT ln½keffðaG1PÞD295N=keffðaG1PÞwild-type ð4Þ
where DDG# is the Gibbs free energy change, T is temperature,
R is the gas constant and keﬀ is the respective value of kcat/Km.
These equations estimate that DDG# is between 30 kJ/mol (Eq.
(3)) and  23 kJ/mol (Eq. (4); keﬀ ratio 104; see Table 1), indi-
cating that replacement of Asp-295 by Asn and donor sub-
strate epimerization are not completely complementary in
locally disrupting the proposed hydrogen bond (see Fig. 1B).
The carboxamido side chain of Asn-295 can arguably substi-
tute the original carboxylate side chain of Asp-295 in accept-
ing, however weakly, a hydrogen for bonding from the
substrate C-2(R) hydroxyl.
Results of transglucosylation experiments in which parti-
tioning of glucosyl enzyme intermediates of wild-type and mu-
tants between reaction with water and reaction with L-arabitol
as external acceptor were analyzed reveal that site-directed
replacements of Asp-295 by Asn and Glu can be distinguished
according to their proximally disruptive character on the
acceptor binding site. From slopes of linear plots of VPi/VGlc
against the concentration of L-arabitol (data not shown), Ktrans
values of 28 (±0.5), 16 (±2.6), and 0.0 M1 were calculated for
wild-type, D295N and D295E, respectively.
Summarizing, detailed analysis of kinetic consequences in
D295N and D295E mutants delineate the role of Asp-295 in
catalysis of LmSPase. The proposed enzyme-substrate interac-
tions (and their contribution to transition state stabilization)
are consistent with current structural evidence for BaSPase
[9,10] and related enzymes (for review, see [5]). They can likely
be generalized to family GH-13 as a whole.
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